Abstract: A mild and efficient one-pot visible light-induced method has been developed for the allylic oxidation. The oxidation of allylic systems has played a prominent role in this context as possibly the most widely applied C-H functionalization, owing to the utility of enones. The allylic C-H oxidation is relatively simple and predictable, even on a preparative scale, because active species generated at the allylic position are stabilized by the double bond.
INTRODUCTION
XIDATION plays an important role in various organic transformations because it not only adjusts the oxidation state of functional groups, but also introduces oxygen atoms to the carbon framework and allows further functional group transformations. The direct functionalization of C-H bonds are beginning to reshape the field of retrosynthetic analysis, affecting the synthesis of natural products, medicines and materials. [1] The oxidation of allylic systems has played a prominent role in this context as possibly the most widely applied C-H functionalization, owing to the utility of enones and allylic alcohols as versatile intermediates, and their prevalence in natural and unnatural materials. [2] Various oxidative conversions are used extensively in synthetic organic chemistry. [3, 4] An oxidation reaction of special interest is the allylic oxidation that allows the conversion of alkenes into allyl alcohols or enones. [5] Allylic oxidations via the direct sp 3 C-H bond activation of alkenes and alkylarenes to the corresponding α, β-unsaturated enones and carbonyl compounds are important transformations with a wide variety of industrial applications [6, 7] including the synthesis of drug precursors and building blocks in many organic syntheses.
The potential of developing new synthetic methodologies using visible light has recently received much attention from a number of research groups. [8] This is because solar energy (visible light) is clean, easy to handle and an unlimited energy source having great prospects for the development of sustainable and eco-friendly protocols for organic synthesis. [9] Some pioneering researchers have dedicated to converting solar energy into chemical energy for chemical transformations [10, 11] which includes a promising strategy for the application of photoredox catalysts to initiate single electron transfer processes have been developed. [12, 13] The visible light photoredox catalysis has recently received much attention in organic synthesis owing to readily availability, sustainability, non-toxicity and ease of handling of visible light. [14] [15] [16] [17] [18] [19] Recently, a superior alternative to transition metal photoredox catalysts, especially metal-free organic dyes such as eosin Y, fluorescein, rose bengal, nile red, perylene and rhodamine B have been used as economically and ecologically superior surrogates for Ru(II) and Ir(II) complexes in visible-light promoted organic transformations involving SET [20] [21] [22] [23] (single electron transfer). These organic dyes have got much more attention with the last few years also due to easy handling, eco-friendly and have great potential for applications in visible-light-mediated organic synthesis [24] [25] [26] [27] which fulfils the basic principle of green chemistry. Encouraged by organocatalytic visible light-mediated aerobic oxidative transformations [28, 29] and in continuation of our work on development of novel environmentally benign synthesis [30] [31] [32] [33] [34] [35] herein we report a simple, visible light irradiated, efficient and green protocol for the synthesis of substituted cyclohexenones via allylic C-H oxidation. Cyclohexenones have great utility as it serves as potential bioactive compounds and exhibit a variety of pharmacological properties like anticancer, antitumour, antiasthmetic and antipyretic. [36] [37] [38] [39] [40] 
EXPERIMENTAL
Melting points were determined by an open glass capillary method and are uncorrected. All chemicals used were reagent grade and were used as received. 1 H NMR and 13 C NMR spectra were recorded on a Bruker AVANCE DPX (400 MHz and 75 MHz) FT spectrometer in DMSO using TMS as an internal reference (chemical shift in δ, ppm). Mass spectra were recorded on JEOL SX-303 (FAB) mass spectrophotometer. Elemental analyses were carried out using a Coleman automatic C, H, N analyser.
General Procedure for the Photocatalysed Synthesis of Substituted Cyclohexenone
A round bottom flask was charged with cyclohexene 1(a-l) (1.0 mmol), eosin Y (2 mol%) and CH3CN (3 mL) and the contents were stirred in open air under irradiation with Luxeon Rebel high power green LEDs [2.50 W, λ = 535 nm] at room temperature for 40 -180 min. After the completion of reaction (as indicated by TLC), it was quenched with water (5 mL) and extracted with ethyl acetate (3 × 5 mL). The organic phase was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to yield the crude product, which was purified by silica gel column chromatography using a mixture of EtOAc-Hexane to give the pure product 2(a-l) in high yields (76 -97 %). 
RESULTS AND DISCUSSION
In order to realise our idea and optimise the reaction conditions, the key reaction of cyclohexene 1a with catalytic amount of eosin Y in a solvent under irradiation with green LEDs [2.50 W, λ = 535 nm] in open air (Table 2) . We were delighted to get the desired product substituted cyclohexenone 2a in 92 % yield ( Table 2 , entry 1). Then, the control experiments were carried out, which show that eosin Y, air (O2) and visible light are essential for the reaction, because in the absence of any of the reagents/reaction parameters either the product was not detected (n. d.) or formed in the traces ( Table 2 , entry 1 versus 12 -15). The optimum amount of eosin Y required for the reaction was 2 mol%. On decreasing the amount of eosin Y from 2 mol% to 1 mol% the yield was considerably reduced ( Table 2 , entry 10), whereas the yield was not enhanced even on use of 3 mol% of eosin Y ( Table 2 , entry 11). The use of another organic photocatalyst like rose bengal (2 mol%), fluorescein (2 mol%), nile red (2 mol%), perylene (2 mol%) and rhodamine B (2 mol%) was not so effective as eosin Y (2 mol%) ( Table 2 , entry 1 versus 2 -6). Green LEDs [2.50 W, λ = 535 nm] were more effective than fluorescent light (Table 2, entry 16), which shows that the higher photocatalytic activity of eosin Y in presence of high intensity green light. The presence of O2 (air) is also essential for the reaction because only a trace of product formation was detected under a nitrogen atmosphere ( Table 2 , entry 12). Notably, the same result was obtained on using O2 (balloon) instead of an air atmosphere ( Table 2 , entry 18). Moreover, the reaction was quenched with 2,2,6,6-tetramethylpiperidyl-1-oxyl (TEMPO) (1.0 mmol) in standard state showing that there may be radical intermediates involved in reaction (Table 2, entry 15). Furthermore, the reaction did not quench in the presence of DABCO (1.0 mmol) ( Table 2, entry 19) , which indicates the involvement of triplet oxygen in the reaction. Since, DABCO is a good quencher of singlet oxygen and quenching was not observed, it suggests that singlet oxygen was not involved in the reaction. [41] The possibility of cyclohexne as a reducing agent that undergoes oxidation to radical cation is very less because quenching of radical cation could not be done. Next, the reaction was optimized for an effective solvent system. It was found that CH3CN was the best among the tested solvents EtOH, DMF, DMSO and CH3CN, hence it was used throughout the present study ( Table 2 , entry 1 versus 7 -9). The scope of the present protocol across a range of cyclohexene incorporating various substituents. It was found that cyclohexene with an electron-donating group on the aromatic ring appear to react faster and afford marginally higher yields in compar ison to those bearing an electron-withdrawing group.
On the basis of our observations and the literature reports, [42, 43] a plausible mechanistic pathway is depicted in Scheme 1. On absorption of visible light, the organophotoredox catalyst eosin Y (EY) is excited to its singlet state 1 EY* which through inter system crossing (ISC) comes to its more stable triplet state 3 EY* and undergoes a single electron transfer (SET). 3 EY* may undergo both reductive and oxidative quenching. [44−48] A SET from substituted cyclohexene 1 generates allyl free radical A, which combines with O2 to form a peroxy radical B, which is followed by elimination of OH  to give the desired product 2. The formation of superoxide radical anion ( O 2 −  ) during the reaction was confirmed by the detection of the resulting H2O2 using KI/starch indicator. [49] Scheme 1. Plausible mechanism for the formation of substituted cyclohexanone.
CONCLUSION
In conclusion, we have developed a novel, one-pot procedure for the synthesis of substituted cyclohexenone from substituted cyclohexene via photocatalysed allylic oxidation. The protocol utilizes atmospheric oxygen and visible light as the cheapest and eco sustainable reagents and eosin Y as an organophotoredox catalyst at room temperature. Thus, it is a superior alternative to the existing method with respect to green and sustainable chemistry (better atomand step-economy) for the allylic oxidation reactions.
